Abstract Twelve bulls within the age period 113 294 days were used in an experiment in which the effect of formaldehyde treatment of protein on the live weight gain and feed utilization was studied. Their rations Were a combination of a protein concentrate mixture, barley, mineral and vitamins according to nutrient requirements for a growth rate of 1 000 g/animal/day. Oats and barley straw was available ad libitum. In the experimental group the protein concentrate mixture was treated with formaldehyde, 0,88 g/100 g crude protein, whereas in the control group it was untreated.
Introduction
The protection of the dietary protein against ruminal degradation has, during recent years, been the object of many studies in order to improve the utilization of protein by ruminants. The first experiments concerning protected protein were performed with sheep (Chalmers et al. 1954 , Ferguson et al. 1967 ). The results were very promising. The wool growth increased, in some case, even more than 120 %. When the effect of protected protein on the live weight gain of sheep and cattle or on milk production was examined, the results were not as positive. In some experiments the protection had an improving effect, but more often it had no effect (Waldo et al. 1973 , Schmidt et al. 1973 , Wachira et al. 1974 , Clark et al. 1974 , Syrjälä et al. 1978 a, 1978 . The differing results depend to a great degree on the differences in the composition of the ration, especially its protein/energy ratio, in the protein source and the technique and level used in protection. All these factors influence what benefit the protein protection gives.
The purpose of this experiment was to find out the effect of a protected protein concentrate mixture on the live weight gain and feed utilization of growing bulls. The study involved feeding trials, digestibility and nitrogen balance trials and rumen fluid investigations.
Experimental procedures

Feeds and feeding
The experiment was performed with 12 growing bulls which were divided by age, live weight, breed and sex into two comparable groups. The animals' mean age at the experiments beginning was 114 days and their mean weight 139 kg.
The experiment was of 6 months duration including an adaptation period of one week in which the bulls' diet was gradually changed to that of the experimental regime. The experimental diet consisted of oats and barley straw, barley and protein concentrate, plus additional minerals and vitamins. The animals received chopped straw ad libitum. The mixture was prepared from barley and protein concentrate, this fed at a level which satisfied the energy and protein demands of the bulls growing at a rate of 1 000 g/day (Daenicke and Rohr 1974) . Energy and protein obtainable from the straw was negligible. Chemical determinations were made on the feed by standard procedures (Paloheimo 1969) g/day of a commercial mineral mixture (Se-Terki) was given.
Physiological experiments
All animals spent a two week period in the physiological experiment. The first week was an adjustment period. Samples were taken during the second week. There was no alteration to the feeding regime. The physiological experiments consisted of digestibility and nitrogen balance investigations based on total collection methods and of rumen fluid studies. The rumen samples were taken by means of a hose connected to a vacuum pump via the mouth 3 times on the last day of the two week period.
1. In the morning before feeding, at 7.45 2. Two hours after the beginning of feeding, at 10 3. Five hours
Determinations of rumen fluid pH and ammonia were made immediately after sampling, pH with a Beckman Model 76 meter, and ammonium nitrogen colorimetrically after centrifuging the sample at 2 000 r.p.m. for 10 mins (McCullough 1967) . The volatile fatty acids (VFA) were determined by the gas chromatographic method (Huida 1973) .
Results and discussion
Live weight gain and feed consumption
The mean live weight gain of the bulls in the experimental group was about 10 % better than that of the control group (Table 2, Fig. 1 ). The feed consumption of the animals was, however, in both groups about the same. The amount of feed used per kg live weight gain by the bulls of the experimental group was about 8 % less than by the control animals.
The physiological experiments decreased the growth rate in both groups, although the composition and the intake of the diets were the same during this period as during the whole experiment. This reduction of growth rate was, however, compensated for after the physiological study period. The mean live weight gain of the animals before that period, i.e. between 121 189 days of age, was in the experimental group 1 015 g and in the control group 939 g/day. During the physiological period it was 534 g and 492 g/day, respectively. After the physiological period the experiment continued 23 days more and during this time the mean live weight gain in the experimental group was 1 756 g and in the control group 1 496 g/day.
In previous investigations, where formaldehyde protected protein has been used in the diets of growing animals, there have been contradictory results.
Formaldehyde treated ground-nut meal in calves diets, containing 12 % protein, increased growth by 9 %, while at the higher protein levels, 15 % and 19 %, formaldehyde treatment gave no significantly higher growth rates.
Formaldehyde was used at a rate of 2 g/100 g of crude protein . The calves growth was not different in the control group when compared with that of those on feed containing 26 % formaldehyde treated rape seed meal. Formaldehyde use in this experiment was 5,6 g/100 g of digestible crude protein (Sharma et al. 1972) . Growth and feed consumption were also found to be considerably smaller with beef animals, live weight 350 kg, on formaldehyde treated barley fed ad libitum .
Negative results were also obtained by Schmidt et al. (1974) with Holstein bulls fed soya beans treated with 40 % formaldehyde at a rate of 1,5 and 3 ml/100 g of soya protein.
Digestibility and N-balance
The treatment with formaldehyde lowered the organic matter and crude protein digestibility of the ration but not significantly (P > 0,05, Table 3 ).
The reason for such a slight decrease was the treatment with only 0,88 g formaldehyde/100 g protein concentrate and the fact, that the proportion of this treated protein in the whole diet was only 45 % (Table 2) . Nitrogen secretion in the urine of the experimental group was lower than that of the control group. This is the main reason why the nitrogen balance was also better in the experimental group. These differences were however not significant (P > 0.05).
In many studies formaldehyde treatment generally lowered feed digestibility, but N-retention has been seen to be same or a little better (Reis and Tunks 1969 , Barry 1970 , 1976 , Poutiainen and Huida 1970 , Faichney 1971 , Brown and Valentine 1972 , Mcßae et al. 1972 , Syrjälä 1972 , Barry and Fennessy 1973 . The effect, however, has depended on the level of formaldehyde treatment and also the protein source.
Rumen fermentation
The mean pH value of all the rumen fluid samples was 6,94 (Table 4 , Fig. 2 ). This relatively high pH value has probably been influenced by the neutralising effect of saliva as the rumen samples were taken via the mouth and at least some saliva contamination was unavoidable. Although the rumen fluid pH values were higher in the animals in the experimental group than those of the control group the differences were not significant (P > 0,05 Treatment with formaldehyde, in this experiment only slightly decreased the ammonia-N level in the rumen fluid. Differences in the values between the groups were not significant (P > 0,05). Generally formaldehyde treatment has been noticed to decrease the ammonia-N levels in the rumen (Faichney and Davies 1973, Dinius et al. 1975) .
The total VFA concentration was lower, but not significantly (P > 0,05), in the rumen fluid of bulls in the experimental group than in those in the control group. The lowering effect of formaldehyde treatment on the rumen fluid VFA concentration has also been noticed by Barry (1975) and Dinius et al. (1975) .
